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SUMMARY.
This study of the “ alkali”  soils of Iowa leads to the follow­
ing more or less definite conclusions:
1. The efficient removal of the excess of water from the soil 
is the determining factor for the- successful growth of corn.
2. The greatest percentage of soluble salts is present at the 
low elevation in the pasture soil while in the cultivated soils the 
amount is much greater at the high elevation. This is due to 
the lack of drainage in the pasture soil, the salts accumulating 
in the low places. In the cultivated soils, the soluble, salts are 
removed first from the lower places and more gradually from 
the higher places.
3. The ‘ ‘ alkali ’ ’ salts are removed from the high elevations 
with . sufficient rainfall and drainage as is evidenced in the 
fields which have been drained for some time.
4. The “ alkali”  soils of Iowa contain mainly calcium bicar­
bonate while the “ alkali”  soils from Wyoming and Montana 
contain principally sodium sulfate and sodium bicarbonate. The 
“ alkali”  problem is less serious in Iowa, the total concentration 
of salts is less, they are less injurious and their removal may be 
more readily accomplished.
5. “ Alkali”  salts other than calcium bicarbonate in Iowa 
soils are insufficient alone to cause injury to crops but com­
bined with the excess of calcium bicarbonate always present they 
may prove injurious.
6. The “ alkali”  soils of Iowa may be reclaimed by effi­
cient drainage and the use of farm manure. Potassium chloride 
and calcareous clay have no beneficial influence on such soils.
7. Altho these experiments did not* include tests of green 
manure, straw, etc., on “ alkali”  spots, experience indicates that 
such materials may prove very beneficial in hastening the re­
moval of “ alkali”  salts where manure is not available in suffi­
cient quantities.
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THE “ALKALI” SOILS OF IOWA
B Y  R O SS Lu BAN CR O FT.
So-called “ alkali”  spots are frequently found on farms located 
in north central Iowa on the Wisconsin drift soil area. They 
vary from one-tenth of an acre to two acres or more in size and 
are unproductive because of an accumulation o f excessive 
amounts of salts. They appear in fields otherwise satisfactorily 
productive and reduce considerably the value of the land. They 
are characterized by the appearance of a whitish deposit of salts 
on the surface of the soil and by a stunted and unsatisfactory 
growth of corn and of many other crops.
The cause and origin of these “ alkali”  spots and the char­
acter of the salts present have been discussed in another bulle­
tin .^ They occur in connection with swales, ponds or sloughs 
which have been recently drained. They are not found in the 
lower parts of. the sloughs but always in a belt around the low 
spot, appearing after such an area has been drained.
Thoro drainage is of course the first step in the reclamation of 
“ alkali”  spots but after a drainage system is installed the farmer 
is confronted with many questions, such as the following:
1. Why does drainage not bring about a complete removal of 
all salts from the soil in a short time?
2. Why docs land for a short distance on either side of the 
drains raise good corn while the adjoining land remains un­
productive?
3. Why do salts not previously present appear on the sur­
face of the soil after drainage ?
4. What causes com to grow well on the “ low”  spots and 
fail utterly on the “ high’ ’ spots ?
In answer to the first question it may be said that if the 
drainage system has been properly installed and if there is suf­
ficient precipitation, the salts present in the soil will be gradu­
ally washed out until the removal is practically complete. Soil
1Bull. Ia. Agr. Exp. Sta. 157.
. .*The author wishes to acknowledge his indebtedness to Dr. P. E. Brown, for his helpful 
criticism m preparing this manuscript and to Prof. R. E. Smith for his advice in obtaining the 
enclosed data.
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conditions and the topographic situation may hinder the process, 
but with adequate drainage and abundant rainfall the salts will 
be leached out of the soil rather rapidly.
Prior to draining, most of the salts are in a soluble form, par­
ticularly in the lower parts of the field where the water content 
of the soil is greater. Consequently after a drainage system has 
been installed the soluble salts in the “ low”  wet spots are rap­
idly leached out. The removal of the salts from the “ high”  
spots is slower because the amount in a soluble form is smaller.
While the ground water with its salt content is passing from 
the “ high”  to the “ low”  spots, there is considerable evaporation 
of the moisture and as this evaporation occurs, the salts are 
deposited in the soil and on the surface. There is also a con­
tinuous upward movement of water from the lower soil layers, 
and as the water evaporates the salts carried up from below are 
deposited on the surface o f the soil. This explains the large 
deposits of salts found in dry weather and also the appearance 
of salts on the surface after drainage. Drainage is not harmful 
but merely brings to the surface in such cases, the salts which 
were previously present in the lower soil layers, where they were 
equally injurious or even more so. With subsequent rains, such 
surface deposits are readily removed by efficient drainage.^
The answers to the second and fourth questions mentioned 
above are practically identical. Corn will grow better near the 
drains than at a distance because o f the more rapid and com­
plete removal of salts in the immediate neighborhood of the 
drains. For the same reason the “ low”  spots will support a bet­
ter crop of com than the “ high”  spots. Eventually with an 
efficient drainage system and sufficient precipitation, the re­
moval o f salts will be just as complete at a distance from the 
drains as nearby and in the “ high”  spots as in the “ low”  places.
Time is an important factor, however, in all farming opera­
tions and the reclamation of “ alkali”  spots with the smallest 
possible crop loss is desirable. Liberal application of manure 
and the plowing under of straw and green crops have been fouhd 
valuable in hastening the disappearance of the injurious salt,
An accurate knowledge of the cause of “ alkali”  in Iowa soils, 
the kinds of salts found, the amounts present under various con­
ditions, the effects of drainage and other points of interest in 
connection with the “ alkali”  problem, is essential to the devel­
opment of the best methods of treatment of such soils to make 
them satisfactorily productive in the shortest possible time and 
with the least outlay of labor and expense. The work reported 
in this bulletin was carried out for the purpose of throwing some 
light on Iowa’s “ alkali”  problem and to aid in its solution.
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EXPERIMENTAL.
Methods o f treatment of the “ alkali”  soils in Iowa depend 
upon the solution of several fundamental problems.
In the first place it seemed desirable to determine the amounts 
of soluble salts present in native sod and compare the amounts 
found with those present in tilled soil. Secondly, the depths at 
which the soluble salts in the field soils would be most concen­
trated should be ascertained and also the variations in concen­
trations of different salts at different depths. In the third 
place, the concentrations o f salts from productive and nonpro­
ductive spots should be compared. Fourthly, it was deemed 
advisable to estimate the amount, i f  any, o f salts leached out 
ot the soil by proper drainage. In the fifth place, a comparison 
of the amounts of salts leached from various drained fields 
seemed desirable.
A comparison of the “ alkali”  soils of Iowa with those from 
some typical areas in the arid west seemed likely to aid con­
siderably in arriving at definite conclusions. Consequently 
several alkali”  soils from Montana and Wyoming were secured 
and studied and comparisons made with the Iowa “ alkali”  spots
Greenhouse experiments were also planned in order to link 
up the field work with specific control experiments and insure 
accurate conclusions from the studies as a whole. Three series 
of tests were planned, to study (1) the cause for the excess of 
soluble salts found in the particular Wisconsin drift soil type- 
(2) the amounts of the various “ alkali”  salts necessary to kill 
corn or a similar crop under Iowa conditions; and (3) the vari­
ous methods of hastening the removal of the excess of soluble 
salts or of preventing their injurious action on crops.
A consideration of the field laboratory and greenhouse studies 
as above outlined indicates that the “ alkali”  problem in Iowa 
is very different from that in the arid west and that methods 
of reclamation may be very different for Iowa conditions
FIELD STUDY.
The samples o f soil studied in the laboratory were obtainec 
from Wright county, Iowa, which is situated in the Wiscbnsii 
drift soil area, and the soils are therefore a fair average of tlios< 
under consideration.
The sod samples were secured from a pasture in Grant town 
ship They were taken from a slope with an estimated drop o: 
six feet per hundred. The first samples were drawn at the bot 
tom of this slope. The soil was very wet and showed the pres-
5
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enee of seepage water. One hundred feet up the grade the sec­
ond sampling was made and at this point the soil was found to be 
very wet at a depth of one and one-half feet below the surface. 
The third sampling was made one hundred feet further up the 
grade and there the water table was not reached at 40 inches.
A  second set of samples was collected from a recently plowed, 
undrained field, in Norway township. Two samplings were 
made on this field, one on the low or productive1 portion of 
the field and the other on the higher and unproductive soil. 
Similarly a third group of samples was secured from the low, 
productive and the higher, non-productive parts o f a field in 
Boone township. This field was planted to corn in 1912 and
1913 and produced a fairly good crop on the low areas. In
1914 a rank-strawed oat crop was grown on practically the en­
tire field.
Representative samples o f “ alkali”  soil were obtained from 
Wyoming and from Montana and their salt content compared 
with that of Iowa soils. The following samples were secured; 
(a) from the Yellowstone Valley, Montana; (b) from the Bad 
Lands, Montana; (c) near the Alkali lake, Laramie, Wyoming;
(d) from plot 23, University of Wyoming Experimental field;
(e) from plot 5, University of Wyoming Experimental field. 
Near the Alkali lake, Laramie, Wyoming, there is practically 
no vegetation on account of the great excess of accumulated 
salts. Plot 23 of the University of Wyoming field represents 
an unproductive type of soil due to the accumulation in recent 
years of soluble salts from upper levels. Plot 5 of the same 
field shows a type o f soil which due to good drainage will suc­
cessfully grow crops. The seepage water from plot 5 drains 
on plot 23 and the Alkali lake, which is located about two miles 
north, receives a large part o f  the seepage from the slope on 
which the experiment field is located.
M ETH O D S OF A N A L Y S IS .
In taking samples of soil for analysis the ordinary precautions 
were observed to make them representative. 'A ll of the samples 
were taken as follows: first at a depth of 0 to 6 2-3 inches; 
second, from 6 2-3 inches to 20 inches and third, from 20 inches 
to 40 inches.
The standard method given by the Bureau of Soils2 was used 
to determine the water soluble salt content of the “ alkali”  soils. 
The following acid and basic constituents were considered: eal-
A^. productive soil means one which w ill grow  corn su ccessfu lly ; a  non­
productive soil is one that w ill not grow  corn but upon which oats and other 
cereals grow, having1 a  tendency to m ake a rank growth o f straw.
2U. S. Dept, o f  Agr., Div. o f  Soils, Bull. 18.
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cmm (Ca), magnesium (Mg\ sodium (Na), potassium (K ), 
carbonates (CO,)* bicarbonates (HCO,), chlorides (C l) and 
sulphates (SO J. Maclntire and Willis2 method was used for the 
determination of the total inorganic carbon content.
T H E  IO W A  F IE L D S .
Table I gives the results of the chemical analysis of the soils 
obtained from the Grant township pasture.
Set no. I includes the samples taken at the low elevation: 
II, those 100 feet up the slope and set no. I l l  those 
100 feet still further up the slope. Table I also indicates the 
distribution of the various salts with regard to depth and loca­
tion and the results o f these analyses are shown graphically 
m figs. 1, 2, and 3.
Some very definite correlations regarding salt content in the 
soil are evident in these plates. The greatest amount of soluble 
salts in the alkali soil occurred at the bottom of the slope or 
swale. Gradually decreasing amounts were found in the sam­
ples at the higher elevations and at the highest point the salt 
content was very much reduced. The decrease was especially 
notieeable m the case of the bicarbonates which were present 
i the largest amounts and appeared at all three depths.
1 he largest amount of bicarbonate occurred within six inches 
of the surface of the soil at all elevations, and decreased rap­
idly with increasing depth.
The soluble calcium content of the soil increased somewhat 
with increasing depth at the low and medium elevations but not 
at the high elevation.
The concentration o f soluble sodium seemed to remain prac­
tically constant with increasing depth at the bottom of the
T A B L E  I. P ER C E N T A G E  O F  A C ID  A N D  B A SIC  C O N STITU EN TS  
IN  SOILS O B T A IN E D  FROM  G R A N T T O W N S H IP  P AST U R E .
Set
Number
¡Depth 
in Ins.
%
Oa.
%
Mg.
%
Na. %K.
%
HOOs
%
Cl.
%
so*
0 -6 % .024) 00 .025 .003 00 .1176%-20 .023 . 00 .028 .003 .213 .09520 -40 .100 00 .027 .005 .168 Traee Trace
0 - 6 % .009 00 ',0198 .0027 .0944 006%-20 .015 CO .015 .0043 .053 00 .61920 -40 .017 00' .0258 .003 .047 Trace .020
0 -  6% .0073 00 .0167 .0031 .0236 Trace .019III 6%-20 .0061 00 .0133 .0056 .012 oo .022
----- .
20 -40 
■
.008 00 • Oil .0063 .0039 00 .«23
2Jour. Ind. & Eng. Chem. 7 : 227.
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Fig. 1, 2, and 3. Graphs showing results'of chemical analyses of soils obtained from the Grant township pasture.
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T A B L E  II. P E R C E N T A G E  OF A C ID  A N D  B A SIC  C O N ST IT U E N T S  
IN  SOILS O B T A IN E D  FROM  N O R W A Y  T O W N SH IP .
Set
Number
Depth 
in Ins.
%
Ca.
1-------------
I 
*3
| —
----
I
%
Na.
I 1 j
%
HOOs
%
C l.
%
SOi
0 - 6 % .013 .0034 .0344 ,.0054 .141 00 .02106%-2D .009 Traey .0221 .0012, .094 00 .017820 -40 .014 .0034 .0310 .0039 .283 00 .0139
0 - 6 % .013 .0077 1 .0289 .0026 .334 00 .0186II 6%-20 .011 .0059 .0179 .0026 .303 CO .0235
20 -40 .0097 .0034 .0210 .0025 .281 oo .0260
grade, but a decrease occurred at the lower depths in the soil 
at the medium and high elevations.
The potassium content was too low to he significant, the dif­
ference at various depths and elevations being negligible. The 
sulfate content was variable. With one exception an increased 
amount was found at the higher elevations than at the lower, 
the greatest difference being apparent between the low and 
medium elevations. At the low elevation the sulfate content 
decreased with the depth, bur at the medium and high eleva­
tions an increase thru to the 40 inch depth was noted.
The results of the analyses of the soils from Norway town­
ship appear in table II. Set no. I represents the low elevation 
and set no. II, the high elevation. As stated earlier, this field 
had been drained for only a few months and the native sod had 
been plowed under only a short time prior to sampling. Ac­
cordingly there is not as great a contrast between the amounts 
of salts in the high and low elevations as in an older* fiefe»* 
Any differences noted were brought about rather quickly.
The figures given in the table are shown graphically in figs. 
4, 5 and 6. FPom these plates it will be seen that the amount of 
soluble calcium present had a tendency to remain constant. 
There was practically no difference in the percentage content 
of this constituent at the high and at the low elevations and 
evidently the effect of drainage had not yet made itself felt.
The soluble sodium and potassium decreased at the high ele­
vation as did also the sulfates. These constituents were appar­
ently concentrated in the lower elevations altho in the case of 
the sulfates a decrease was noted only in the surface sample 
and an increase was found below that poim.
The soluble magnesium and the bicarbonates however, seemed 
to have been leached out to some extent at the low elevations 
for the content was much greater at the high elevations..
9
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Norway Fm Norway Tw'P Fit*/.
£:l e \/a t/&n-
I l  - ■ f  I I  ■ ■ J"
r// —
CLCV&TfOfi -
1 ---------------------- 1 -------------------(\i 3
*
CO
% Ca “  ~o ~  SO. ”  No t K  S O , HCO, Ca Ha Mq K  50, HCO, Co H a M g H  5 0 . HCO, Co /Ya M o K  5 0 , H C q Co Ho M i). K  5 0 ,
0 -6 6 6 in ch e s  . . 6 0 6 - 2 0  in c h e s  . Z .0 -4 0  in c h e s
Fig3 4 Fig. 5 Fig 6
Fig. 4, 5, 6,. Graphs showing results of chemical analyses of soils obtained from the Norway township pasture.
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T A B L E  III. P E R C E N T A G E  O F A C ID  A N D  B A SIC  CO N STITU E N TS  
IN  SO ILS O B T A IN E D  FROM  BOONE TO W N SH IP .
Set (Depth % % % % % % %Number in Ins. Oa. M&. Na. K. HOOa C l. sen
I
0 - 6 % .158 00 .047 .0018 .100 OO .0046
6%-2G .103 00 •041 .0021 .071 00 Trace
20 -40 .062 00 .054 .0041 .250 00 .015
0 - 6 % .137 Trace .010 .0025 .200 00 .019
II 6%-20 .105 oo .0375 .0031 .160 00 .014
20 -40 .113 00 .03*4 .0042 .180 00 Trace
These results indicate that all the salts tended to be carried 
deeper and deeper into the soil and that the rate of leaching 
was much faster, particularly in the case of bicarbonates, from 
the low than from the high elevations.
The results of the tests of the soils from Boone township are 
given in table III and are shown graphically in figs. 7, 8 and 9.
This field had been drained for several years and the soluble 
salts remaining in the soil at the low elevation represented quite 
closely the normal percentage content of soluble salts in the par­
ticular soil. The bicarbonate content of the soil was greatest 
at the high elevation until a depth of 20 inches was reached and 
then a larger amount was found at the low elevation. The bi­
carbonate, from the upper layers of the soil at the high elevations 
had probably drained into the low spots and remained tempor­
arily at this low depth. . -
More calcium was found in the soil at the low elevation to a 
depth of 6 2-3 inches than at the high elevation. At 20 inches 
the soluble calcium content was the same at both elevations 
but at 40 inches much more was present at the high elevation.
At all depths the soluble sodium content was greater at the 
low elevation than at the higher. The potassium content varied 
only slightly and the differences were not distinctive. The
T A B L E  IV. P E R C E N T A G E  OF A C ID  A N D  B A SIC  CO N STITU E N TS  
IN  SOILS O B T A IN E D  FROM  M O N TA N A  A N D  W YO M IN G .
% % % % % % % 'Source of Soil Oa. Mg-. Na. K. HOOs Ol. SO*
Bad Lands, (Montana______ __ .0098 Trace .390 .0018 .058 Trace .810
*YelIowstone Valley, Montana__ .0098 00 .140 .00097 .110 Trace .190
iPlot 5, Univ. Wyo. EXp. fit a. - .011 Trace .096 .053 .012 Trace .041
Blot 23, Univ. Wyo. Exp. Sta.- .082 .0017 .370 .012 .064 .043 .850
Alkali Lake near Laramie, Wyo. .330 .048 1.001 .014 .074 .091 6.20
11
Bancroft: The “alkali” soils of Iowa
Published by Iowa State University Digital Repository, 1916
CO05
Fig 7 Fig. Fig. 9
Fig. 7, 8, 9. Graphs showing results of chemical analyses of soils obtained from the Boone township pasture.
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sulfate content was greater at the high elevation at the surface 
and to a depth of 20 inches. Below that point, a largp~~ amount 
was found at the low elevation.
Table IV  shows the results of the analyses of the samples 
from Montana and Wyoming and the soluble salt content in the 
samples from Wyoming are shown graphically in fig. 10.
These soils were typical o f western alkali conditions and the 
analyses compared well with other reported results. There was, 
of course, a wide variation in the soluble salt content in the dif­
ferent soils. The Bad Lands sample represented a type o f soil 
nearly valueless for agricultural purposes while the Yellowstone 
Valley sample represented a productive soil.
| The samples from Wyoming all showed a similarity in analy­
sis. As mentioned before, plot 5 of the University Experimental 
Field is situated above plot 23 and plot 23 is above the Alkali 
lake. Fig. 10 shows that the percentage of soluble salts in­
creased from the high to the low elevation in the case o f prac­
tically all the constituents. The percentage content of total 
salts was likewise much less in the soil from plot 5 than in that 
from plot 23 and the amount in the Alkali lake was greater than 
that in plot 23.
PERCENT
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These results illustrate the principle that soluble salts will 
be washed from high to low levels, and if the water table is 
near the surface, during dry weather the salts will be deposited 
on or near the surface o f the soil.
CONCLUSIONS FROM  F IE L D  D A T A .
Certain quite definite conclusions regarding the value of 
draining “ alkali”  soils are shown by the analyses of the soils ob­
tained from the pasture and cultivated fields in Wright county 
and from Montana and Wyoming. The successful growth of 
com depends on whether or not the drainage system carries the 
excess of water out of the soil. The location of the maximum 
salt content in the undrained pasture soil was exactly opposite 
to that found in the two cultivated soils, by far the greatest 
percentage of soluble salts being found at the low elevation in­
stead of at the high elevation as in the cultivated soils. Un­
doubtedly this was due to the moisture which slowly carries 
the dissolved salts away in the drainage; those found in the low 
places are drained out first and those at the higher levels remain 
in the soil temporarily unless considerable water is applied at 
the surface. In the pasture soil with no drainage, the salts 
accumulated in greater amounts in the low, moist hollows and 
the soluble salts in both of the drained fields at low elevations 
were carried deep into the soil. In the soil of both cultivated 
fields at the high elevations there still existed an excess of 
salts. These salts will gradually move downwards from the 
higher to the lower levels in a well-drained soil as may be seen 
by examining the results from the fields in Norway and Boone 
townships. Where drainage was continued for a longer period 
of time, there was less excess of salts in the high elevations than 
at the lower point. With continued efficient drainage, excess 
of salts is gradually removed and injurious effects eliminated.
Many local factors influence the rate of draining out salts, 
and may shift the location and change the concentration of 
various soluble constituents from year to year.
The “ alkali”  soils from Montana and Wyoming contained, 
large amounts of soluble salts, principally sodium sulfate and 
sodium bicarbonate. The Iowa soils, however, contained mainly 
calcium bicarbonate with smaller and variable amounts of sodium 
bicarbonate and sulfates, which indicates that these soils may 
be more easily reclaimed than those in the west. The total 
percentage of soluble salts was smaller in the Iowa soils, and less 
injurious and their removal accomplished more readily.
14
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THE GREENHOUSE STUDIES.
As stated earlier in this report, three series of greenhouse 
experiments were earned out with a view to aiding in- the so­
lution of the * f alkali ’ 3 problem.
S E R IE S I. T H E  CAU SE OF T H E  E X C E S S  OF SO LU B LE  SAL T S.
In the Wisconsin drift soil area where the “ alkali’ ’ spots in 
Iowa occur, the rock underlying the subsoil is chiefly limestone. 
Accordingly, experiments were begun to discover whether the 
large amount of limestone might have formed calcium bicar­
bonate by its union with the carbon dioxide produced in the 
soil by decomposition processes. Accordingly, it was first neces­
sary to ascertain whether calcium bicarbonate was the injurious 
salt occurring in the “ alkali”  soils of this area.
Eighteen pots were each filled with 30 pounds of soil in the 
greenhouse and amounts of lime varying from 0 to 50 tons per 
acre were added to the different pots. Carrington clay loam 
which possesses physical characteristics similar to the “ alkali”  
soils under consideration was used for the experiment. The plan 
of the experiment was as follows:
Pot No. Treatment
1 and 2-----------------------. ----Check
3 and 4_  2 T  Lime
5 and 6-------------------  4 T  Lime
7 and 8____  6 T  Lime
0 and 10____  .10 T  Lime
Pot No. Treatment
11 and 12.- ------------------------ 15 T  Lime
13 and 14------------------  20 T  Lime
15 and 16.------    30 T  Lime
17 and 18----------------------  5o T  Lime
These pots were kept fallow and a duplicate series of pots simi­
larly treated and numbered was cropped.
To distribute the moisture evenly thru the soil in the pots 
and hinder leaching, the system shown in fig. 11 was used. By 
means of a glass tube water was conducted into the basin which 
consisted of three pounds of gravel separated by a layer of 
cheese cloth from the soil above in order to prevent the mixing 
of the soil and the gravel. The water added thru the tube 
ascended thru the soil by capillarity. A  drain pipe was inserted 
to make it possible to observe the amount of water not taken 
up by capillarity and) also for any drainage purposes that might 
arise. Salts dissolved in the water should remain in the soil 
unless an excess of water be added and then leaching would 
occur below.
After the various amounts of lime had been added to the 
pots, representative samples from each pot were analyzed for 
total inorganic carbon. Samples were drawn about every ten 
days and the carbonate and bicarbonate content determined.
On the “ alkali”  soils of Iowa oats make a rank growth of 
straw and may mature late in the season. Com, however, will
15
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not grow on these soils. In greenhouse experiments, corn can­
not be grown satisfactorily and therefore the German black wax 
bean, a crop nearly as susceptible to excessive amounts of soluble 
salts as corn, if not actually more so, was used.
The data in table V  and the curves (fig. 12) show that the total 
inorganic carbon content of the soil increased proportionately 
to the amount of lime applied. I f  the bicarbonate content is to 
be considered comparable with the total inorganic carbon con­
tent, it should gradually increase as the application of lime in­
creases. This actually happened as will be noted by the curves, 
the increase in bicarbonate and total inorganic carbon taking 
place at approximately the same rate. No soluble carbonate 
was found in these soils at any time during the experiment.
From January 16 to February 25 five samplings were made 
and unexpected variations in bicarbonate content occurred. The 
amounts present were frequently lower than expected, evidently 
because of the washing of these compounds into the basin below 
the soil. In order to keep the soil soaked full as was found in 
“ alkali’ ' field soils, it was necessary to keep the basin almost 
full of water. When the soil became nearly saturated, a down-
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T A B L E  Y. P E R C E N TA G E  OF B IC A R B O N A T E  FOUND IN  F A L L O W  SOILS C O N TAIN IN G  D IF F E R E N T  AMnTTNrT<5 
OF CALCIUM  CA R B O N A TE , FROM  D E C E M B E R  27 TO APRIL, 9. AM O U N TS
Pot
No. Treatment
Percent
Total
OOs
Percent 
HOOs on 
Pec. 27
Percent
on
Jan. 6
1 None 1 .019 .035 .0532 None .020 .029 .0583 2 T  Lime__________ .081 .041 .0644 2 T  Lime _ _ __ .082 .041 .0645 4 T Lime__________ .126 .094. .0946 4 T Lime ....... .139. .106 .1007 6 T  Lime._________ .209 .109 .1068 6 T  Limte .215 .115 .1249 10 T Lime . . .362 .135 .120■'0 10 Lime.. • .371 .129 .14111 15 T Lime___ .595 .124 .11712 15 T  Lime _ .568 .117 .10613 20 T Lime__ .764 .117 .14214 20 T  Lime.____ .757 .117 ‘.117Ü  ■30 T  Lime_______ 1.033 .147 .16516 30 T  Lime 1.032 .147 .16517 50 T  Lime_ . 1.325 .165 .19418 50 T  Lime 1.309 .180 .244
Percent
on
Jan. 16
.017
.003
.020
.029
.059
.oso
.082
.082
.094
.094
.082
.076
Percent
on
Jan. 25
.023 
.023 
.029 
.035 
.058 
.061 
.094 .100 .100 .100 
• 088 
.094 .100 
.094 
.154 
.141 
.177 
.230
Percent
on
Peb. 4
.041
.041
.047
.047
.059
.064
.100
.100
.100
.100
.004
.094
.100
.094
.124
.124
.150
.171
Percent Percent
on on
Peb. 14 Peb. 25
.024 .047
.024 .041
.038 .047
.035 .047
.047 .071
.053 .065
.077 .094
.082 .004
.076 .001
.076 .092
.076 .094
.076 .094
.082 .106
.083 .100
.117 .124
.124 .118
.136 .112
.136 .106
Percent
on
Mar. 8
Percent
on
Mar. 18
Percent
on
Mar. 30
Percent
on
April 9
.036 .085 .041 .041.041 .058 .042 .041
.076 .074 .082 .070
.082 .053 .080 .064
.117 .076 .130 .110
.117 .072 .128 .110
.159 .110 .158 .170.165 .118 .158 .190
.247 .153 .220 .250
.247 .153 .216 .250
.235 .170 .220 .310
.230 .160 .220 .300
.232 .180 .247 .340
.200 .183 .247 .330
.235 .280 .204 .360
.232 .280 .294 .350
.250 .260 .260 .360
.232 .253 .260 .360
17
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Fig. 12. Graph showing result of analyses of fallow soils for bicarbonates.
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ward movement of moisture took place and the bicarbonate was 
carried downward with it and accumulated in the basin below.
By February 14 it had been quite conclusively proven that in 
an average drained soil, the bicarbonate content would not 
increase to any appreciable extent. Accordingly on that late 
it was decided to determine, if possible, whether in a poorly 
drained soil the content of bicarbonate would increase. Between 
February 14 and 25, therefore, the teachings were poured over 
the surface of the soil three times.
At the seventh sampling, the curves show a small increase in 
bicarbonate content which became greater up to the 30 ton ap­
plication, after which no further increase occurred. The de­
crease in accumulation of bicarbonate in the soils receiving more 
than 30 tons of lime was undoubtedly due to the more open, 
loose condition of those soils and the consequent more rapid re­
moval of the bicarbonate into the basin below.
Between February 25 and March 8, the leachings were poured 
over the soil four times. No water was put in the basin during 
this time and hence a large part o f the accumulated water and 
bicarbonate had been drawn up into the soil by capillarity by 
March 8 when the next sampling was made. At this time all 
the soil was removed from each pot, the gravel layer taken out 
and the soil returned to the pot. All the moisture was added 
thereafter to the surface of the soil and all the bicarbonate 
formed from that time on, accumulated in the soil.
After March 8 there was a gradual increase in bicarbonate 
content in all the soils, the highest amount occurring in the soil 
receiving the 50 ton application at the last sampling. The 
amount of increase seemed directly proportional to the appli­
cation o f lime, and the bicarbonate content o f' the soil with 
the heavy additions became very large.
The beans and com 1 on the limed soils clearly showed the evil 
effects of the bicarbonate content. Where more than 10 tons 
o f lime were used, the plants became stunted, the tips and lower 
leaves shriveled up and died and all the leaves became lighter.
This experiment shows that excessive amounts of lime in a 
soil containing sufficient moisture will form calcium bicarbonate 
in such amounts as to be detrimental to plant growth. The in­
jurious salts in the “ alkali”  soils of the Wisconsin drift soil 
area may be due to the excessive, accumulation of calcium bi­
carbonate from the limestone present in the soil and subsoil, 
where drainage is poor. These results further demonstrate
1On February 20th a few  kernels o f corn w ere planted in each o f the pots 
containing the beans. The com  w as allowed to grow  fo r  about a month, 
during which time it was clearly shown that the injurious effect o f calcium  
bicarbonate w as about the sam e on both crops.
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that with adequate drainage the excess of calcium bicarbonate 
in such soils may be readily removed.
S E R IE S  II. AM O U N T O F “A L K A L I” SA L T S  N E C E SS A R Y  TO K IL L
B E A N S.
In this series a study was made of the effects of “ alkali”  
salts of different chemical composition and of varying concen­
tration on beans. These tests were made on the soil type in 
which “ alkali ’ ’spots are found in this state and the results 
secured are therefore applicable only to Iowa soil conditions.
Carrington clay was placed in pots provided with a basin of 
gravel as in series I. The treatment of the pots was in quad­
ruplicate, except in the case of the check treatment when only 
two pots were used. The arrangement was as follows :
No. of ¡PotI, i ______
3, 4, 5, 6____
7, 8, 9, 10„_.
II, 12, 13, 14. 
15, 10, 17, 18. 
19, 20, 21, 22. 
23, 24, 25, 26. 
27, 28, 29, SO.
Treatment 
..Check 
-JNaCl Na2ÜOs -NaaSOM, —Mgrsou 
-JMgOl2 
—NaHOOs 
—NaNOì
Approximately 20 per cent solutions of the various salts were 
applied beginning with December 31 and continuing at intervals 
of ten days. Beans were planted in all the pots on December 
31. The initial application of the salt (10 cc of the solution) 
was gradually increased, the amount varying with the nature of 
the salt. The solution was added to the basin bv means of the 
inlet tube and the salt worked up uniformly through the soil. 
The effect of each aplication could be noted in about seven days. 
When any slight effect was observed on a plant, the application 
was withheld .for a few days in order to determine whether or 
not it was severe enough to kill and thus the amount actually 
necessary to kill .the. plant was quite accurately approximated.
After all of the plants treated with a particular salt had been 
killed, representative samples of the soil were analyzed. The 
amount of that salt present in the check pot was subtracted Prom 
the amount present in the treated pot and thus the percentage 
of the salt necessary to kill the plant was determined.
The percents of various salts necessary to kill beans according 
to this experiment are shown in table VI.
The amount of individual salts necessary to kill the beans 
varied from 0.264 to 1.23 per cent. Sodium bicarbonate was ap­
parent! v the least harmful of all the salts used, then came sod­
ium sulfate, magnesium sulfate, sodium chloride, sodium nitrate, 
sodium carbonate and magnesium chloride in the order named. 
There was very little difference in the toxicity of thè sodium 
carbonate and the magnesium chloride and they were both
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T A B L E  V I. PER C E N TS OP VAR IO U S S A L T S N E C E SS A R Y  TO K IL L
B E A N S.
Salt U sed Percent 
to kill
Oomtparative 
resistance 
to Salts 
tested
Check__________ 0NaOl- _______
NaaOOs_________ __
NaaSOi. ___________
MgSO*________________
MgOla____________ ViJOa
XaHOOs______
NaNOs....................... 0.370 3
much more injurious than the other salts tested. These results 
may not be directly applicable to field conditions owing to the 
usual occurrence o f more than one “ alkali”  salt, and the con­
sequent chemical reactions and interactions which may occur 
but the relations shown between the various salts would un­
doubtedly hold good where individual salts were present. The 
amounts of salts added to the soil in this test in order to THU 
the beans were much greater than those found in the typical 
“ alkali”  spots in Iowa and indicates that the cause of the in­
fertility o f the Iowa “ alkali”  soils is not due to particular so- 
called “ alkali”  salts, but no calcium and sodium bicarbonates.
S E R IE S III. T H E  T R E A T M E N T  OF “A L K A L I” SOILS.
The successful reclamation of “ alkali”  soils evidently depends 
on the rapid removal of the soluble salts present in the soils. 
This series was planned to test the effect of certain special 
treatments of the soil.
Pots were filled with the “ alkali”  soil from the recently 
plowed and tile drained Anderson field. Water was added as 
before except in the pots used for studying the effects o f the 
drainage, but not in large enough quantities.,*» cause.it to ac­
cumulate in the basin. There is, qnjw gEbmafi^nioup^ o f’pâturai 
drainage from the ! ‘ alkali ’ \ spils\b°fo !he° stale and in°° order to 
approximate field conditions,^hy effect of . trçatoent on the, 
salts should be observed w ithout^yffqa^iiri^ oitt/of0,the aalts.,0 
The arrangement of00!&Çoexperiment M a s  follows* 6°°
Pot No. ° °  » ° o o ?“ ° ° 0o eoo °Tréatm$n%iv  s
l a n d  2— ------- . -------- ------- --------- !— <^_2__„°_a.:<»!heck; „ Ò ° ° ° i  * 8 0
3 and 4------------------------------------------------- fecPjba. p o p  ,£i8f Sére
5 and 6------------------------------------ --------------------------200 lbs.’ KOI/ per acre
7 and 8------- .------------------------------------------------------  6 T  fresh horse manure per acre
9 and 10---------------------------------------r-------------- ——  15 T  fresh horse manure per acre
11 and 12__---------------------------- -------------------------------  6 T  calcareous clay per acre
IS and 14---------------------- ------------. ------------;-------------  20 T  calcareous clay per acre
115 and 16_______________________________________ ..Drainage
Pots 15 and 16 were intended to represent well-drained field 
conditions. The water was added to the surface and the seepage
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was drained ont through a pipe at the bottom of the pot and 
collected in a closed receiving flask according to the arrange­
ment shown in fig. 13. The drain pipe was perforated on 
the lower side at regular intervals thus acting as a drain. In 
order to avoid clogging, the pipe was wrapped with a few thick­
nesses o f cheese cloth.
In all o f the treatments of “ alkali”  soil, the smallest and the 
largest applications which could be of any possible benefit were 
added. It has been suggested that muriate of potassium applied 
to “ alkali”  soil will permit corn to grow successfully. No ex­
planation of the reason for a beneficial effect of this material 
has been offered. It was thought advisable, therefore, to de­
termine whether it exerted a beneficial influence on the growth 
of com and if so, why.
The effects of the application of manure and of draining 
“ alkali”  spots were tested.
Calcareous clay obtained from a “ cut bank”  on the College 
farm was used to ascertain whether the turning up of such ma­
terial when drains are dug would account for the growth of 
better com near the drains.
At the end of the experiment a total analysis was made of the 
soils in all the pots and in pots 15 and 16, an analysis of all the 
soluble salts in the leachings was made at stated intervals.
The results of the analyses of the soils appear in table VII. 
There was no definite lowering of either the acid or basic con­
stituents except in the soils treated with horse manure and in 
those which had been Well drained. ' There was a somewhat 
greater decrease in the salt content in the well drained soil than 
in the manured soils. The amount of calcium remained practi­
cally constant in all the soils except those receiving the six tons 
of manure where a uniform decrease occurred.
The operç^nt^g0 °pf magnesium was slightly reduced in the 
pots ^ecçhdng po^assiuîû\chl°oiid^ and in those receiving 15 tons 
of horse manure and well*draped6./The sodium content increased 
where po^a^sihm” ohlor'ide» was added and where the calcareous 
°fciay was°usèd° bul;,np l^ioatir,n,i  ^of horsç omanure and good drain- 
a"g&odQwere^ othe amount. The potassium content was reduced 
only wjabrê °htanurej °Waâ ^ âdjled aû& 0ttie° soil was drained. The 
bicarbonaté * present “ ¿W^ >° réducéd somewhat by all the treat­
ments, the greatest effect appearing where manure was added 
and where the drainage was good. The results with the sul­
fate and chloride content were not uniform and no' definite 
effect of treatment could be noted.
After the beans had grown for 55 days they were removed 
and an analysis made of all the soils. A  comparison of the 
plants in the treated pots and the check soils was made at the
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time of removal and no dif­
ferences noted except in the 
well drained soils where the
plants
greener
broader
pots.
Table 
suits of
were
and
than in
larger and 
the leaves 
the cheek
VIII gives the re- 
the analyses of the 
teachings from the well 
drained soils and shows very 
clearly the removal of salts 
from the soil by drainage. 
The amount of water applied 
to these pots was much 
higher than that which 
would normally occur in the 
field in 55 days and the re­
sults are only indicative of 
what may occur in the field. 
But the percentage removal 
as indicated in the field is 
I*- 1 0  Q . j .  , . conclusive evidence that
m M  System used to drain soil pots, drainage is a sure and safe
method of leaching the excess of soluble salts from, an “ alkali”  
soil. Potassium salts and calcareous clay on the contrary have 
no such beneficial effect.
f a r m  m a n u r e  a n d  d r a i n a g e  t h e  b e s t  t r e a t m e n t .
From these experiments and from general knowledge of field 
tests the use of manure along with drainage to remedy “ alkali”  
conditions in Iowa soils is definitely recommended.
An efficient drainage system is the first requisite for re- 
claunmg such soils. In laying out a tile drain, the lines of tile 
should not only be placed at regular intervals according to com­
mon practice but additional lines should be run thru the lowest 
and most unproductive spots. A  study of the high and low 
places in an “ alkali”  field will show the proper locations. '
When the drainage system is properly installed, then the use 
of manure will hasten the leaching of the salts. Manure im­
proves the physical condition of the soil and facilitates the 
washing .put of the excess of salts. Manure contains much or­
ganic matter and numberless bacteria and when added to the 
soil the organic matter is broken down with the production of
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large amounts of carbon dioxide and organic acids which react 
with the salt content and hasten its removal.
T A B L E  V II. P E R C E N T A G E  OF A C ID  A N D  B A SIC  CO N STITU E N TS  
FOUN D IN  “A L K A L I” SOILS A F T E R  VAR IO U S T R E A T M E N T S .
(Pot
No. Treatment
%
Oa.
%
Mg.
% • 
Na.
%
K.
%
HOOa
%
Ol.
%
SO*
1 None — _____________ _ 12.81 .038 .640 .017 .40 Trace .0382 None ____  ‘________  __ 12.90 .038 .634 .0175 .40 Trace Trace
3 100 lbs. KOI per A _____ 12.80 .038 .78° .020 .39 Trace Trace
4 100 lbs. KOI per A ._....... 12.98 .038 .79° .018 .40 Trace Trace
5 200 lbs. KOI per A _____ 12.92 .060 .625 .016 .39 Trace .00266 200 lbs. KOI per A .— —. 12.90 .060 .627 .010 .40 Trace .0027
- ?  ■ 6 T  horse manure per A. 12.70 .051 .590 .010 .33 .003 Trace
8 6 T  horse manure per A. 12.70 .051 .602 .015 .34 .004 Trace
9 15 T  horse manure per A. 12.91 .026 .650 .014i .35 .004 .0013
10 15 T  horse manure per A. 12.92 .028 .660 .014 .345 .003 .0013
11 6 T  calcareous clay per 
A. _____ • 12.90 .038 .670 .017 .36 Trace Trace
12 6 T  calcareous clay per 
A. .... _ 12.91 .051 .670 .017 .36 Trace Trace
13 20 T  calcareous clay per 
A. __________________ 12.92 .038 .680 .020 .35 Trace Trace
14 20 T  calcareous clay per 
A. 12.83 .038 .650 .020 .35 Trace Trace
16 Drainage_______ ______ 12.85 .028 .510 .011 .26 Trace .0038
16 Drainage____• _______ _ 12.87 .030 .521 .014 .27 Trace .0038
T A B L E  V III. P E R C E N T A G E  O F A C ID  A N D  B A SIC  C O N STITU E N TS  
L E A C H E D  FROM  T H E  W E L L  D R A IN E D  SOILS.
É
tó
 
P 
0 Date of
Removing Teachings
%
Oa.
%
Mg.
%
Na.
%
K.
%
HOOs
%
Ol.
%
SOi
15 March 2 9 _______________ .065 .008 .068 .008 .06 Trace Trace
16 March 29 ______________ .092 .006 .070 .007 .07 Trace Trace
15 April 10 - - _________ .080 .004 .057 Trace .05 Trace .003
16 April 10 ■______________ .052 .004 .064 Trace .05 Trace .002
15 April 19 _____ _____ __ .070 .006 .060 Trace .03 Trace Trace
16 April 19 . . .  ____ .070 .008 .055 Trace .02 Trace Trace
CONCLUSIONS FROM  G R EEN H O U SE STU D IE S.
The chief soluble salt in the ‘ ‘ alkali”  soils of the Wisconsin 
drift soil area is calcium bicarbonate. Other so-called “ alkali”  
salts are present in small amounts which are insufficient alone 
to cause injury to crops, altho their presence in addition to cal­
cium bicarbonate may prove injurious.
“ Alkali”  salts in Iowa soils are not as toxic as those found 
in tvpical “ alkali”  soils from the west. Drainage and the 
application o f farm manure will remedy “ alkali”  soil condi­
tions in Iowa while potassium chloride and calcareous clay have 
practically no influence on the reclamation of such soils.
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